This work aimed to assess the effect of combining two pomegranate (Punica granatum L.) cultivars at different rates on the ellagitannin content, antioxidant capacity, and total phenolic content of varietal pomegranate juices. Widely distinct juices made from Mollar de Elche and Wonderful cultivars were used for the elaboration of blended juices. They were stored for 70 days at both room and refrigeration temperatures. This study revealed a significant cultivar effect on the stability of main pomegranate ellagitannins (punicalagins, punicalins, punicalagin-like compound, and ellagic acid derivatives) and on the antioxidant capacity measured by the ABTS + and DPPH  in vitro assays. Blended juices enhanced and/or retained the initial ellagitannin content and antioxidant capacity of pure juices during storage. Thus, blending varietal juices could be suggested as a promising alternative to the development of fresh juices with a high, stable phytochemical load.
Pomegranate (Punica granatum L.) fruit has been revealed as a promising source of bioactive compounds with preventive effects on many diseases related to oxidative stress such as cancer, cardiovascular diseases, and neurodegeneration. This myriad of health promotion features has been attributed to its phenolic constituents (mainly ellagitannins and anthocyanins) and has prompted a substantial rise in the popularity and worldwide marketing of such fruit [1] . Nonetheless, owing to the unique pomegranate fruit morphology, direct fresh consumption may be inconvenient. This fact has contributed greatly to the development of pomegranate processed products by the food industry, like wines, jellies, jams, dried and fresh arils, and, of course, pomegranate juices. Processing also allows a sustainable use of large quantities of deteriorated second quality and over-ripe pomegranate fruits that are often not available for consumers and are wasted as by-products [2] .
The quality of pomegranate juices is severely conditioned by the genotype and can be altered by the processing and storage conditions [2] [3] . In this aspect, for example, beverages derived from Mollar de Elche variety change into non-desirable brown colors, whereas others produced with more acid varieties present a non-acceptable taste [4] . Blending varietal pomegranate juices (Wonderful and Mollar de Elche cultivars) is effective for avoiding anthocyanin degradation and browning development during storage, preserving thus the genuine color of fresh juices [5] . However, the impact of blending on the ellagitannin fraction and antioxidant capacity of varietal pomegranate juices has not been addressed so far. This topic requires special attention considering that ellagitannins have been established as the predominant phenolics in pomegranate juices and are able to impact on juice quality. Among them, punicalagin isomers have been regarded as the leading bioactives responsible for the high antioxidant capacity of pomegranate juices [6] . Moreover, ellagitannins may account for part of the wide biological properties of pomegranate [7] .
The aim of this work was to assess the effect of combining two pomegranate cultivars at different rates on the ellagitannin content, antioxidant capacity, and total phenolic content (TPC) of varietal pomegranate juices. The pomegranate cultivars chosen were widely distinct: Wonderful (W), a worldwide variety, rich in phytochemicals, but presenting too much acidity, and the Spanish Mollar de Elche (M), with interesting organoleptic properties [4] . Blended juices were designed and preserved at both room and refrigeration temperatures and evaluated throughout a time period, since changes depending on juice cultivar also take place during storage [8] .
No significant differences (p > 0.05) in the quality parameters (pH, total soluble solids -TSS-, titratable acidity -TA-, and maturity index -MI-) of the pure and blended varietal pomegranate juices were noted during storage (data not shown, means at Table 1 ). The pH values of the juices ranged from ~3.60 to ~2.70 for 100%M and 100%W, respectively, decreasing with the percentage of Wonderful juice added (Table 1) . TA and MI also changed depending on the percentage of Wonderful juice. This variation in the quality parameters of the blended juices resulted in an array of different physicochemical conditions useful to study the stability of ellagitannins within a similar food matrix and avoiding the oversimplification of model systems [5, 9] . punicalagin concentration oscillated between 1.6 and 22.7 mg/100 mL for 100%M and 100%W, respectively, the superior punicalagin content of Wonderful varietal juice over the one of Mollar de Elche being striking. Likewise, a significant varietal effect (p < 0.001) was recorded for these compounds during storage ( Figure 1A,B ). In fact, while punicalagins in 100%W remained unchanged, they underwent a rapid decrease in both 100%M and blended juices. These losses were registered mainly at the beginning of storage and reached trace levels of punicalagins at day 6. Furthermore, no important differences in the degradation rate were distinguished between the studied temperatures in those juices containing Mollar de Elche juice, probably resulting from the fast degradation of these compounds.
The ellagitannin with a [M -H]ion at m/z 1101 and referenced as punicalagin-like on the basis of its fragmentation pattern by Borges et al. [11] was also identified in some juices (Figure 2A ). In fact, despite 100%W almost lacking this ellagitannin in the studied period, 100%M and blended juices were very rich in this similar-topunicalagin hydrolysable tannin ( Figure 1C ,D). Higher concentrations were recorder as the percentage of Mollar de Elche in blends was increased (p < 0.001), with all mixtures maintaining significant values throughout storage. This constituent showed variable trends for the different juice combinations, being high at 25ºC but slightly less at 5ºC. However, the punicalagin-like compound continuously decreased in 100%M and 75%M-25%W, but was augmented for the first week and then reduced after this period for 50%M-50%W and 25%M-75%W, with slower degradation rates as the percentage of Wonderful in blends was increased. Consequently, it should be pointed out that the protective effect of Wonderful addition on the stability of this molecule allowed the maintenance of significant values of this punicalaginlike ellagitannin in blended juices where punicalagins were overcome ( Figure 1A,B ).
Two punicalin isomers, punicalin α and punicalin β, were also identified and quantified as the sum of both isomers. Initial levels of punicalins ranged from 3.0 to 0.6 mg/100 mL for 100%M and 100%W, respectively. These low levels were maintained for 100%W at all temperatures throughout the study ( Figure 1E ,F). Nonetheless, significant variations (p < 0.001) in punicalin content at different temperatures of storage were displayed for 100%M and blends. In fact, a general increase of up to 6-fold was observed for all these juices when stored at 5ºC, reaching higher amounts as the percentage of Mollar de Elche in blends was raised. Similarly, punicalin formation in samples stored at 25ºC was found even though a degradation effect was recorded in 100%M and 75%M-25%W at about day 20. The formation of punicalins in pure Mollar de Elche and blended pomegranate juices may be due to the degradation of punicalagins, which could release punicalin, as suggested by MS fragmentation of punicalagin [6a,12] . Moreover, a strong inverse correlation was found between these two ellagitannins (r = -0.75, p < 0.001), pointing out that punicalin isomers could be considered as degradation markers of punicalagins in pomegranate juices.
Regarding ellagic acid, measured as the sum of the glucoside and the free form, it varied from 5.3 to 3.8 mg/100 mL for 100%M and 100%W, respectively. As aforementioned for hydrolysable tannins of 100%W, ellagic acid was preserved with little reduction at both temperatures during storage ( Figure 1G,H) . On the contrary, ellagic acid in 100%M and blended juices was increased even 5-fold and, then depleted by the end of storage until remaining constant ( Figure  1H ), as previously reported for cultivar Mollar de Elche [13] . Higher levels of ellagic acid in pomegranate blends were achieved when the percentage of Wonderful juice was raised. In addition, both occurrence and degradation rates of ellagic acid were slower in those samples containing superior values of Wonderful ( Figure 1G ). Ellagic acid may be released by ellagitannin degradation [14] and, therefore, due to the higher ellagitannins content of Wonderful cultivars over Mollar de Elche ones [4] , higher ellagic acid formation should be expected, as the evidence given here shows. Likewise, oxidation and/or development of insoluble precipitates may account for the falls in ellagic acid amounts [15] .
Fischer et al. [16] did not observed significant changes in the ellagitannin content of pomegranate juice during storage under different conditions. Nevertheless, despite this accurate study, our research with pure and blended varietal pomegranate juices revealed a significant cultivar effect on the evolution of these hydrolysable tannins throughout storage (Figure 2A ). In fact, whereas punicalagins, punicalagin-like compound, punicalins, and ellagic acids remained stable in 100%W, there were noticeable changes in all these ellagitannins for 100%M and mixtures of Mollar de Elche and Wonderful varietal juices. Although the variations in ellagitannins during storage have been scarcely evaluated previously, some studies reported changes. Hager et al. [17] displayed how some blackberry ellagitannins were lost by storage while others were unchanged. This fact was attributed to binding of ellagitannins to insoluble materials like cell wall polysaccharides and/or proteins [17] . Likewise, ellagic acid increase was associated with the depolymerization of high molecular weight ellagitannins, as also occurred for raspberry jams where erratic behavior of other ellagic acid derivatives was emphasized [14] . On the other hand, [18] . All the same, most of these changes in the ellagitannin fraction of varietal pomegranate juices could be eased or avoided as a result of realistic heat treatments [19] .
Phenolic compounds greatly contribute to the organoleptic properties by affecting the color, astringency, and aroma [6a] . Total phenols content (TPC) of pomegranate juices ranged from 277 for 100%M to 477 mg GAE/100 mL for 100%W, in agreement with previous works [4] . TPC remained quite stable for all juices throughout the storage at 5ºC ( Figure 3C ). Otherwise, when samples were kept at 25ºC, variations in some juices took place ( Figure 3D ). In fact, while in 100%M total phenol content was down by 37% at the end of the study, in 100%W it increased by 10%. Minimal falls in TPC during similar storage conditions have also been reported for different pomegranate cultivars, including Mollar de Elche [13, 16] . Blended juices (75%M-25%W, 50%M-50%W, and 25%M-75%W) stored at 25ºC did not undergo noticeable changes in TPC because of a likely compensatory effect of their corresponding pure varietal juices. This fact suggests the potential of blended juices as a way to preserve the phytochemical composition as much as possible, especially in those pomegranate varietal juices containing lower quantities of phenolic compounds, like Mollar de Elche.
The antioxidant capacity of pure and blended varietal pomegranate juices was measured by using both ABTS + and DPPH  in vitro assays. Initial antioxidant capacity of pomegranate juices varied from 23.9 to 51.3 mM Trolox measured by the ABTS + method for 100%M and 100%W, and from 14.7 to 21.5 mM Trolox by using DPPH  assay for 100%M and 100%W, respectively. Blended juices exhibited intermediate values for both methods (Table 2) , as expected. Regarding evolution of antioxidant capacity during storage, all juices followed a similar trend for each method despite differences between these assays being noted. In fact, while small losses were registered for all samples when using the ABTS + method, slight augmentations were found when using the DPPH  assay. In particular, samples measured by the ABTS + method were down by ca. 15% and 25% when stored at 5ºC and 25ºC, respectively. Similar falls in antioxidant capacity have been achieved for processed pomegranate juices by using the ABTS + radical [16] . Concerning the DPPH  method, values were kept stable irrespective of the temperature of storage, although the blends containing higher percentages of Wonderful cultivar (50%M-50%W and 25%M-75%W) underwent increases of nearly 20%. Accordingly, Pérez-Vicente et al.
[13b] also reported slight increases in DPPH  values for pomegranate juices under different packaging conditions.
With respect to the responsible compounds behind the antioxidant activity of these juices, a strong correlation was observed between TPC and both ABTS + and DPPH  data (r = 0.85, r = 0.81, Ellagitannins of varietal pomegranate juices Natural Product Communications Vol. 10 (6) 2015 1023 respectively; p < 0.001), thus, pointing out that phenolics are the responsible compounds for the antioxidant capacity of pure and blended varietal pomegranate juices. In fact, the main phenolics of pomegranate fruit have been related to the high antioxidant properties of its juices [4,6a,11,20] . Among them, punicalagins, punicalins, and the punicalagin-like ellagitannin (m/z 1101) have been emphasized as the major contributors to the antioxidant capacity of pomegranate juices [6a,11] . Nonetheless, correlations of ABTS + and DPPH  antioxidant capacity assays with all these hydrolysable tannins with proven antioxidant properties were not significant (p > 0.05). Therefore, despite the individual contribution of each phenolic to the antioxidant activity having been largely reported, none of the phenolics could be linked to changes in the antioxidant capacity of pomegranate juices through storage. A possible explanation could be achieved by attending to the different trends displayed for each bioactive during storage. Moreover, variations could be attributed to (de)polymerization of ellagitannins and/or the formation of unknown compounds which may exert antioxidant activity [13b,21] . Overall, the high antioxidant capacity of the pomegranate juices assayed and how this is held for 70 days at different storage conditions should be noted.
On the whole, the combination at different rates of two distinct pomegranate cultivars displayed a wide range of outcomes able to impact on the main quality parameters just as on the phytochemical composition of the juices. In this aspect, our research with pure and blended varietal pomegranate juices revealed a significant cultivar effect on the evolution of the main phenolic compounds. Moreover, blended juices were shown to enrich and/or retain the ellagitannin content and antioxidant capacity of pure juices during storage. Consequently, combining varietal pomegranate juices could be suggested as a promising alternative to developing fresh juices with a high phytochemical load. Nonetheless, further work should be performed in order to achieve complementary information on the sensory characteristics and the effect of processing on these new designed blended pomegranate juices, as well as on their beneficial prospects and bioavailability to corroborate their nutritional interest.
Experimental
Chemicals and reagents: 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethyl-benzothiazoline-6-sulfonic acid) diammonium salt (ABTS), ellagic acid, and Folin-Ciocalteau's reagent were purchased from Sigma-Aldrich (Steinheim, Germany); formic acid, methanol, sodium benzoate, and anhydrous sodium carbonate, all of analytical grade, from Panreac Química S.A (Barcelona, Spain), and 6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid (Trolox) and gallic acid from Fluka Chemika (Neu-Ulm, Germany). Milli-Q water used was produced using an Elix ® 3 Millipore water purification system coupled to a Milli-Q module (model Adventage10) (Molsheim, France).
Experimental design:
Second quality pomegranate fruits from cv. Mollar de Elche (M) and Wonderful (W), harvested in the Alicante region (SE Spain), were provided by "Cambayas Coop. V." (Elche, Alicante, Spain). Pomegranates were cut in half and juices of each cultivar were obtained by pressure with a laboratory pilot press (Zumonat C-40; Somatic AMD, Valencia, Spain). Pomegranate varietal juices were mixed in different proportions: 75%M-25%W, 50%M-50%W and 25%M-75%W, keeping also two control juices of 100% Mollar de Elche (100%M) and 100% Wonderful (100%W), respectively. Homogenized, blended and pure juices were centrifuged (3 min at 2,754 g), and sodium benzoate (200 mg/L) was added in order to prevent spoilage. Juices were placed in screw capped vials (10 mL) and stored in the dark at both 5º and 25ºC for 70 days [5] . Triplicate solutions were prepared for each juice, and the mean values were reported in each case. Analyses were carried out at days: 0, 6, 13, 20, 28, 42, 56, and 70.
Quality parameters of juices:
As quality indexes, pH, titratable acidity (TA), and total soluble solids (TSS) were evaluated [13a].
The pH values were measured using a pH-meter (GLP 21, Crison Ltd., Barcelona, Spain). The TA was determined by titrating 2 mL of juice (diluted to 20 mL final volume with Milli-Q water) with 0.1 N NaOH (pH 8.1). Results were expressed as g anhydrous citric acid/100 mL. TSS contents were recorded in a hand refractometer (Atago N1, Atago, Tokyo, Japan) at 20°C with values being expressed as °Brix. Measurements were repeated twice for each replicate. Ratio, also known as maturity index (MI), was calculated as the relation between TSS and TA.
HPLC analysis, identification and quantification of phenolic compounds:
All samples were centrifuged for 5 min at 10,480 g (model EBA 21, Hettich Zentrifugen, Tuttlingen, Germany) at room temperature. The supernatant was filtered through a 0.45 μm nylon membrane (Simplepure; Membrane Solutions, Spring View Lane Plano, TX, USA) before HPLC analysis on a Merck-Hitachi liquid chromatograph (Tokyo, Japan), equipped with a Diode Array Detector UV-vis L-7455, an autosampler L-7200, a pump L-7100 and an interface D-7000. Chromatograms were recorded and processed on a Merck-Hitachi D-7000 HSM PC based chromatography data system. A 20 μL sample was analyzed on a Luna C 18 column (25 cm x 0.46 cm, 5 μm particle size; Phenomenex, Macclesfield, UK) with a security guard C18-ODS (4.0 x 3.0 mm) cartridge system (Phenomenex), using a mobile phase of water/formic acid (95:5, v/v) (solvent A) and HPLC grade methanol (solvent B). Elution was performed at a flow rate of 1 mL/min. The linear gradient started with 1% B, keeping isocratic conditions for 5 min, reaching 20% B at 20 min, 40% B at 30 min, 95% B at 35 min and 1% B after 41 min. UV chromatograms were recorded at 360 nm. Chromatographic comparison with analytical standards, absorbance spectra, and mass spectra, using MS 2 (data not shown), were used to identify compounds previously reported [6b, 11,13b] and were quantified by the absorbance of their corresponding peaks. Ellagitannins were quantified as ellagic acid.
Determination of total phenols by Folin-Ciocalteau's reagent:
Total phenols content (TPC) was determined by the Folin-Ciocalteau method, adapted to a microscale [13a]. In a 1.5 mL Eppendorf microtube, 790 μL of Milli-Q water, 10 μL of sample appropriately diluted with water, and 50 μL of Folin-Ciocalteau's reagent were added and vortexed. After exactly 1 min, 150 μL of 200 g/L sodium carbonate were added, vortexed and allowed to stand at room temperature in darkness for 120 min. The absorbance was recorded at 750 nm, and quantified using gallic acid as a standard. Results were expressed as mg of gallic acid equivalents (GAE)/100 mL.
DPPH  and ABTS + antioxidant capacity assays:
All samples were centrifuged at 10,480 g (model EBA 21, Hettich Zentrifugen, Tuttlingen, Germany) for 5 min at room temperature. The free radical scavenging activity was determined using the free radical DPPH  as well as the ABTS + method in aqueous media according to Mena et al. [4] . The antioxidant activity was evaluated by measuring the variation in absorbance at 515 nm after 50 min of reaction (DPPH  ), and at 414 nm after 50 min (ABTS + ). Assays were measured by using 96-well micro plates (Nunc, Roskilde, Denmark) and Infinite  M200 micro plate reader (Tecan, Grödig, Austria). All reactions started by adding 2 μL of the corresponding diluted sample to the well containing the stock solution (250 μL).
